Abstract The aim of the study was to determine the possibility to microbiologically remove nitrates from a concentrated red beet juice (3600 mOsm/kg) using halophilic bacteria, Halobacterium mediteranei, Halobacterium denitrificans, and Micrococcus halobius. As a result of microbiologic denitrification, dry matter content in the beet juice concentrate was reduced about 10 % and pH was found to decrease from 7.0 to 6.2. The content of nitrates in the concentrate decreased from 20 to 37 %, but in the diluted concentrate, the reduction rate of nitrates was higher, from 32 to 75 %. The highest denitrification rate was recorded for bacteria Micrococcus halobius. As a result of the fermentation process, changes in colour and contents of betalain pigments were observed. The content of betacyanin pigments decreased, while that of betaxanthin pigments increased.
Introduction
Red beets, very popular root vegetables of the temperate climate zone, exhibit valuable nutritional and dietary properties. They contain minerals (Ca, K), saccharides, dietary fibre and folates [1] . They exhibit antimutagenic [2] and antioxidant properties [3, 4] . They are also used as a source of natural food colour agents (E 162). Their processing comprises production of preserves, salads, juices, juice concentrates, dried beets and colouring agents. Red beet pigments are used in the form of concentrated liquid concentrates or in a powdered form [5] . However, this vegetable tends to accumulate nitrates. Apart from species-and cultivar-specific traits, the accumulation of excessive amounts of nitrates is also influenced by agricultural and environmental conditions, such as soil type, fertilisation, date of harvest, precipitation and insolation [6] . Nitrate level in the raw material after harvest changes, depending first on storage conditions and then on processing conditions [7] . Generally, vegetables supply approx. 80 % nitrate uptake in the daily diet [8] . According to literature data, the content of nitrate ions in red beets ranges from several hundred to several thousand mg/kg fresh weight [6, 9] .
For many years, consumption of excessive amounts of nitrates has been considered harmful and it is connected with their potential reduction to nitrites, both in the processed food and in the organism. In view of recent studies, nitrates and nitrites may also exhibit a beneficial effect on human health. Nitrites are ascribed antibacterial activity in relation to pathogenic gastrointestinal bacteria [10] . According to the latest literature data a high nitrate uptake has a beneficial effect on the functioning of the brain in elderly people thanks to improved perfusion [11] , it enhances physical fitness of the organism [12] and exercise tolerance in patients suffering from the peripheral arterial disease (PAD) [13] . Thus, the consumption of red beet juice containing nitrates is attributed the capacity to lower blood pressure, prevent platelet aggregation or reduce oxygen demand of muscles [14] . These studies were conducted with the participation of adults. However, it is also known that nitrites cause methemoglobinemia, a disease particularly dangerous for infants, consisting in the blocking of oxygen binding by haemoglobin, resulting in anoxia [7, 15] . Cases of methemoglobinemia in infants, as well as children several years of age, were recorded in recent years after consumption of homemade, inappropriately stored soup or vegetable puree, salad or beets [16] [17] [18] . Moreover, reduced nitrates constitute a nitrosazing factor in the formation of nitrosoamines, exhibiting carcinogenic and mutagenic action [19, 20] . Thus, excessive amounts of nitrates need to be removed from juices, concentrates and colouring agents made from red beets to be used by the general public.
Apart from the application of rational fertilisation and appropriate cultivation measures, methods were developed to reduce nitrates in vegetables and their processed products through physicochemical or biological processes [20, 21] . These methods are also used to remove nitrates from drinking water and effluents [22, 23] . The process of microbiological denitrification occurs also during fermentation of meat products, for example, in the production of fermented sausages [24] . The factor providing specific sensory attributes and microbiological stability of the final products is associated with nitrates added to the meat batter with the starter culture. Bacteria from the starter culture reduce nitrates to nitrites through NO (nitrogen monoxide) to N 2 . Denitrifying bacteria utilise nitrates as the final acceptors of electrons under anaerobic conditions, the socalled nitrate respiration process. Growth and activity of such a bacterial culture depends on the concentration of nitrates. Their high concentration inhibits nitrite reduction, and the presence of oxygen inhibits reduction of both nitrates and nitrites [24] . Generally denitrifying bacteria maintain the cycle of nitrogen in nature and thus life on Earth. Denitrification prevents nitrate leaching from soil and their accumulation in oceans, which otherwise would lead to the inhibition of biomass production. Nitrogen in organic and inorganic compounds thanks to denitrification is released and incorporated in the cycle [25] . Thanks to microbiological denitrification, it is possible to completely eliminate nitrates from red beet juice [21, 26] . However, during microbiological processes, changes occur in sensory attributes of juice, particularly colour, which intensity depends on the applied bacterial strains [4] . Red beet juice is subjected to lactic fermentation also in order to obtain a probiotic product, while on the other hand, strains applied in lactic acid fermentation, for example, Lactobacillus plantarum, may exhibit activity to reduce nitrates and/or nitrites [24, 27] . Such a method provides a product with probiotic properties, at the same time safe in terms of its content of nitrates and nitrites. Using different bacterial strains in the denitrification process, to maintain microbiological safety of consumers, it is necessary to remove from the product bacterial cells, for example, through microfiltration of juice after fermentation or the use of a membrane bioreactor, in which microorganisms are immobilized inside the membrane carrier [20] . Generally, the use of microorganisms in food production is always connected with the necessity to select microorganisms that do not produce toxins or allergens, posing a health hazard for humans and animals [24, 26] . In accordance with the recommendations by the FAO/WHO Expert Committee on Food Additives, the amount of nitrates in colouring preparations obtained from red beets may not exceed the level admissible for foodstuffs for children and infants [28] . This shows the necessity to control the level of nitrates in beets to be used not only in direct consumption, but also in the production of food colouring agents. Under commercial scale production conditions, juices, including red beet juice, are stored in a concentrated form, among other things to reduce their volume and enhance microbiological stability of the product. Running biological reduction of nitrates in an undiluted concentrate, using commonly applied denitrifying bacterial strains, is not sufficiently effective [26] . The application of bacteria capable of growing in a medium with high salt concentration and high osmotic pressure, and at the same time capable of reducing nitrates and nitrites, could facilitate denitrification of condensed red beet juice, that is, of lower volume. Thus, it was decided in this study to use strains of halophilic bacteria purchased from the ATCC collection, described as capable of growth under such conditions and exhibiting denitrifying activity [29] . In accordance with the Polish legal regulations, based on the Regulation of the Minister of Health, used strains do not constitute a health hazard in any group of biological hazard [30] .
The aim of the study was to determine the possibility to microbiologically remove nitrates from a concentrated red beet juice using halophilic bacteria.
Materials and methods

Red beet juice concentrate
Red beet multivarietal concentrate came from a processing plant of Hortex-Holding S.A. in Warsaw, Poland. The initial pH of the concentrate was 4.5, the refractometric extract content was approx. 50 %, dry matter content was approx. 60 %, and osmotic pressure was approx. 3600 mOsm/kg. Nitrate content in the concentrate was determined to be approx. 7 g NO 3 -/L, while nitrites were not detected. Acidity of the concentrate and diluted solutions was adjusted to pH 7.0 using 20 % NaOH solution. Processes of microbiological denitrification were run using the concentrate and its aqueous solutions diluted at 1:1 and 1:2 (concentrate: water). In such prepared solutions, osmotic pressure was approx. 1800 and 1200 mOsm/kg, respectively.
The concentrate and its aqueous solutions were sterilised by flow pasteurisation (97°C, 105 s), after which they were cooled and poured to sterile 500-ml Erlenmeyer flasks.
Microorganisms
Analyses were conducted using strains of Halobacterium mediteranei (ATCC 33500, medium 1176-described below), Halobacterium denitrificans (ATCC 35960, medium 1434) and Micrococcus halobius (ATCC 21727, medium 769). Bacteria were proliferated at 30°C on media recommended by ATCC. Strains for direct use were cultured and stored on agar slants with the above-specified composition with an addition of 2 % (w/v) agar at a temperature of 4°C, while the museum collection was stored in a glycerol solution (50 %, v/v) at -70°C.
Denitrification methods
Denitrification methods were run in Erlenmeyer flasks, to which pasteurised juice concentrate or its aqueous solution was introduced aseptically at 400 mL and 10 % (v/v) inoculum from a 48-h growth of culture with cell density of approx. 10 8 cfu/mL. The process was run in tightly sealed Erlenmeyer flasks, with no access of air, under facultative anaerobic conditions at 30°C for 48 h. After fermentation, juice was centrifuged in order to remove the bacterial culture. Each experiment was performed in three series, of three replications each. Results are presented as means.
Analytical methods
All analyses concerned changes in the chemical composition of red beet concentrate were performed on a supernatant obtained as a result of centrifugation of the concentrate, both before and after denitrification (Beckman 12, 12 000 rpm, 15 min). Dry matter content in the red beet juice concentrate was determined by gravimetry, drying the sample at 70°C for 4 h, and next at 105°C to constant weight.
Contents of nitrates and nitrites were determined by high-performance liquid chromatography (HPLC) using a Spectro System UV 3000 chromatograph with a UV detector (Thermo Separation Products), a precolumn (silica gel Alltech) and a Phase Separation Spheris ORB S5SAX column. Potassium phosphate KH 2 POP 4 0.05 M, pH 3.2 was applied as an eluent at a flow rate of 1 mL/min, the temperature of the column at 20°C and pressure of 115 bar. Prior to HPLC analyses, concentrate samples were diluted and microfiltrated (0.22 lm, Millipore filter).
Contents of betalain pigments, betacyanins and betaxanthins were determined by differential spectrophotometry [31] . Prior to measurements, a concentrate sample was diluted using 0.1 M phosphate buffer at pH 6.5, so that the extinction value fell within the range of 0.3-0.8. Content of red pigments, expressed as betanin content, was determined on the basis of extinction value measured at 538 nm, while that of yellow pigments, expressed as the content of vulgaxanthin I, at a wavelength of 476 nm. When calculating contents of red and yellow pigments, a correction was included, resulting from absorbance of light by impurities present in the sample, on the basis of measurements of extinction at 600 nm. Phosphate buffer at pH 6.5 was used as a blank test.
Results and discussion
Red beet juice is produced and stored in the form of concentrate (60-70 % extract), which facilitates storage and reduces its costs. In view of the necessity to remove nitrates from the raw material to be used in the production of pigments, juices and other foodstuffs, particularly those for children and infants, it would be beneficial to run denitrification directly in the concentrate. Due to the high osmotic pressure in a concentrated juice, halophilic bacteria were used as denitrifying microorganisms.
Level of pH and dry matter content
Prior to the denitrification process, the pH level of the concentrate and its solutions was adjusted to approx. 7.0. After a 48-h culture, pH was found to decrease in the medium in all analysed cases ( Table 1 ). The pH value after culture was 6.8 in the concentrate, 6.6-6.7 in 19 diluted concentrate and 6.2-6.4 in 29 diluted concentrate. On the basis of a one-way analysis of variance, no significant effect (p B 0.05) was found for the bacterial species on changes in pH values in the medium after culture. In turn, a statistically significant effect (p B 0.05) on this variable was observed for the concentrate dilution rate. An increase in medium acidity during denitrification run by halophilic bacteria was also described by other authors, who observed that carbohydrate uptake by these microorganisms was accompanied by the production of acids [32] . As a result of microbiologic denitrification, dry matter content in the beet juice concentrate was reduced, since heterotrophic bacteria use its components as a source of carbon. Dry matter content in the initial concentrate was 598, 310 and 205 g/L, respectively, in the undiluted concentrate and in its 19 and 29 dilutions (Table 1) . After denitrification, culture dry matter content was recorded to decrease by 5.4-7.7 % in a 29 diluted concentrate, up to 9.9-10.8 % in the concentrate (Fig. 1) . Similarly as in case of pH changes, a one-way ANOVA showed a lack of a significant effect (p B 0.05) of the bacterial strain on the losses of dry matter in the culture medium, as opposed to a significant effect of the concentration of the concentrate on this variable. As a result of denitrification run in a condensed concentrate, dry matter losses amounted to approx. 10 %, irrespective of the applied bacterial species. In turn, in cultures where diluted concentrate was applied as the medium, the greatest dry matter losses were found in case of Micrococcus halobius, while they were smallest in case of Halobacterium denitrificans. In earlier studies with the use of Paracoccus denitrificans, dry mater losses in diluted juice after a 24-h culture under identical conditions (30°C, pH 7.0) amounted to 14 %; however, they were accompanied by a total reduction of nitrates [26] .
Reduction of nitrates
Initial concentration of nitrates in the concentrate was 7.2 g/L, which exceeded the tolerance limit of most microorganisms. Halophilic bacteria for growth require a high salt concentration in the medium, on average 2-4 M NaCl, that is, approx. 100-200 g/L. However, the other microorganisms usually grow on media containing 3-5 g NaCl/L, which is to provide adequate osmotic pressure. Bacteria from the genus Halobacterium are extreme halophiles, as they tolerate salt concentrations over 4 M NaCl (over 200 g/L) [32] . Bacteria Micrococcus halobius are moderate halophiles, as they develop best in media containing up to 3 M NaCl (174 g/L), but they do not grow at concentrated glucose solutions with no sodium chloride added [33] . Such bacteria overgrow media with high nitrate concentrations, over 5 g/L.
The beet concentrate medium used in this study contained 7.2 g nitrates/L in the initial concentrate, and 3.6 and 2.4 g/L in 19 and 29 diluted concentrates, respectively ( Table 1) . As a result of 48-h culture of halophilic bacteria, the content of nitrates in the concentrate decreased by 20 % in case of Halobacterium mediteranei and by as much as 37 % in case of Micrococcus halobius (Fig. 2) . In the diluted concentrate, the reduction rate of nitrates was higher. In a 19 diluted concentrate, nitrate losses amounted to 32-59 %, while in a 29 diluted concentrate, it was from 56 to 75 %. In several cases, trace 
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Micrococcus halobius Fig. 1 The effect of microbiological denitrification on dry matter content in red beet juice concentrate amounts of nitrites were found in the post-culture medium. In each culture variant, the highest denitrification rate was recorded for bacteria Micrococcus halobius, although a one-way ANOVA did not show a statistically significant effect (p B 0.05) of the bacterial species on the content of nitrates in the post-culture medium. In contrast, a significant effect was found in case of the type of medium (concentrate dilution rate) and the applied bacterial strain in a multivariate analysis of variance for this variable. When using a strain of Paracoccus denitrificans in earlier studies, at a similar nitrate content in the beet juice concentrate, after a 72-h culture, the recorded nitrate reduction rate amounted to approx. 23 % in a 29 diluted concentrate [21] . In these studies, using halophilic bacteria at an identical concentrate dilution, although at a shorter time (48 h), the nitrate reduction rate was 32-59 %, depending on the strain. However, total nitrate reduction was not obtained in any variant, whereas it was observed during red beet juice denitrification at a natural osmotic pressure.
Betalain pigments
As a result of the fermentation process, changes in colour and contents of betalain pigments were observed in red beet juice concentrate. These changes were identical in character in all the cases. The content of betacyanin pigments decreased, while that of betaxanthin pigments increased. The initial content of red pigments in the concentrate, amounting to 290 mg/100 g, dropped to approx. 200 mg/100 g, irrespective of the applied bacterial strain (Table 2 ). In 19 and 29 diluted concentrates, the level of betacyanins decreased from 145 mg/100 g to 88 mg/100 g and from 97 mg/100 g to approx. 40-45 mg/100 g, respectively. A slightly lower content of betacyanins was recorded in case of Halobacterium denitrificans. In turn, the content of betaxanthins after fermentation was higher than in the initial medium, on average by 10-20 mg/100 g, which constituted an increase by 5-30 %. The recorded increase in the contents of yellow pigments is connected with the degradation of red pigments to brown products, which in the applied spectrophotometric method are assayed together with yellow pigments. The above-mentioned changes in the contents of betalain pigments resulted in a reduction of the ratio of contents of red to yellow pigments (the degradation index) from 1.9 to 1.3 in the concentrate, 0.8-1.1 in 19 diluted concentrate and 0.8 in 29 diluted concentrate, respectively (Table 2 ). Both the one-way and multivariate analyses of variance showed no statistically significant effect (p B 0.05) of the type of the applied bacterial strain on the content of betalain pigments or pigment degradation index, while the effect of the type of the beet concentrate was significant. The decrease in the value of the ratio of betacyanin pigments to that of betaxanthins was reflected in a change in the colour tone of the concentrate or its solutions from Fig. 2 The effect of microbiological denitrification on the rate of nitrate reduction in red beet juice concentrate red-purple to brown-red. The change in the colour tone was more marked in case of diluted concentrates, as in the condensed concentrate, these changes were masked by a high pigment concentration and colour intensity. Presented changes in the betalain pigment contents are connected with acidity of the medium, in which pH was adjusted to approx. 7.0 as optimal for the applied halophilic bacteria, while pH of approx. 5.0-5.5 is the value providing the greatest stability of these pigments. Thus, a high stability of betalain pigments is obtained in red beet juices subjected to lactic fermentation when producing probiotic drinks [4] . However, these bacteria exhibit no capacity to reduce nitrates and nitrites.
Conclusions
Microbiological denitrification of concentrated red beet juice using halophilic bacteria made it possible to remove up to 75 % nitrates within a period of 48 h in 29 diluted concentrate (1200 mOm/kg), but it was only to 37 % in the initial concentrate (3600 mOm/kg). Based on the analysis of variance, it may be stated that the nitrate reduction rate depended mainly on the concentration of the beet juice concentrate, and not on the applied bacterial strain, although the best denitrification results were recorded in case of bacteria Micrococcus halobius. As a result of denitrification, cultures dry matter content in the concentrate decreased by 5-10 %. Running cultures in concentrates at pH of approx. 7.0 and a temperature of 30°C, optimal for the applied bacteria, caused changes in the contents of betalain pigments and the quantitative ratio of red to yellow pigments, which resulted in a change in the colour tone towards brown-red. It may be assumed that an extension of microbiological denitrification time in the used beet juice concentrates should increase the reduction rate of nitrates; however, due to the simultaneously progressing changes in the concentration of betalain pigments and colour tone, the time of culture needs to be reduced.
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
